With the technical assistance ofH. Maris SUMMARY To study myocardial metabolism in chronic hypoxia due to cyanotic congenital heart disease, coronary arteriovenous differences of lactate (L), pyruvate (P), inorganic phosphate (Pi) and potassium (K) were measured in 14 cyanotic patients and seven controls, at rest and during atrial pacing. At rest, there was no difference in any parameter between cyanotic and noncyanotic patients. During atrial pacing (150-175/min) for 10 min, a moderate drop in Lextraction occurred in the control patients with some increase in L/P ratio in coronary venous blood. Cyanotic patients fell into two groups: in nine (group I), the arterial oxygen saturation (SaO2) dropped with pacing. Their L-IN PATIENTS WITH CYANOTIC CONGENITAL HEART DISEASE (CCHD), the myocardium is constantly perfused with hypoxic blood. Little is known about the effect of this chronic hypoxia on myocardial metabolism and the possible effects on the heart muscle. Microinfarcts of the left ventricle in tetralogy of Fallot have been described,' and extraction fell sharply, from 28.1 + 3.12 to -2.8 ± 5.51 and L production occurred in five. There was a significant increase in coronary venous L/P ratio. Five cyanotic patients (group II) showed no drop in SaO2 with pacing, and L extraction as well as L/P ratio remained stable. Uptake of Pi was noted in all patients at rest; during pacing this disappeared in controls and group I cyanotics but not in group II difference was observed. In group II patients there was no change in P1 uptake (fig. 4) .
No arteriovenous differences in potassium could be demonstrated in any group, neither at rest nor with pacing.
Discussion
The effect of chronic hypoxia on myocardial metabolism has been previously studied at high altitude,6 and in chronic cor pulmonale,7 but few reports on myocardial metabolic changes in cyanotic congenital heart disease have appeared. Both Rudolph8 and Scheuer9 have shown that coronary blood flow is somewhat decreased in congenital cyanotic heart disease (CCHD), but no major changes in substrate utilization by the heart muscle were demonstrated at rest. In particular, signs of anaerobic metabolism were lacking. Our results in patients at rest are in agreement with these studies. Values for lactate extraction, coronary venous, lactate/ pyruvate ratios and ion concentrations were similar in controls and cyanotic patients. During pacing, however, reactions different from normal were observed in CCHD.
Inducing rapid heart rates by atrial pacing has proved a useful stress test in coronary artery diseases' 10, 11 as it increases myocardial oxygen requirement. In many cases of CCHD, it appears to have an additional effect, previously described by King and Franch.12 It decreases SaO2 by increasing the right-to-left shunt. The mechanism by which this occurs is probably twofold: On the one hand, pacing is known to decrease left and right ventricular cavity size;18 on the other hand, it increases contractility.3 Both of these changes are likely to increase the degree of infundibular stenosis in tetralogy of Fallot, thus increasing the right-toleft shunt. A decrease in SaO2 with pacing is therefore observed in the typical tetralogy with predominantly infundibular subpulmonic stenosis. A .4%.. fall in arterial blood pressure occurred during pacing. But in tetralogy of Fallot, arterial blood pressure does not usually fall during atrial pacing.12 Five of our 14 cyanotic patients did not show any changes in arterial oxygen saturation during pacing. These patients had either predominantly valvular pulmonic stenosis or pulmonary atresia with ventricular septal defect and large bronchial collateral arteries supplying the lungs. In these cases, the changes in ventricular geometry and contractility do not influence the right-to-left shunt, thus SaO2 remained unchanged during pacing.
The two groups outlined above had different myocardial metabolic responses to pacing. A shift toward anaerobic metabolism, with a sharp drop in lactate extraction or even lactate production, occurred in those whose right-to-left shunt increased, accompanied by release of phosphate in coronary venous blood or at least a disappearance of the uptake seen at rest. It is possible that the same shift occurs in these patients during myocardial stresses occurring in daily life, such as exercise, emotional upset, tachycardia, and of course, anoxic spells. It is the patient with reactive infundibular stenosis who is likely to have such spells. Therefore, it is not surprising to find that spells were observed in many patients of our group 1 (5 out of 9) , but never in patients of group II (table 1) .
Thus, the heart of the patient with classical tetralogy and reactive infundibular stenosis is probably subjected to many episodes of decreased oxygen supply in times of increasedoxygen demand, and a repeated shift toward anaerobic metabolism could result in damage to some myocardial cells and fibrosis.' This in turn would explain poor left ventricular performance after surgical correction of the defect.
Patients in our group II, with no changes in 02 saturation during pacing, showed a steady metabolic pattern during fast atrial pacing. This is in marked contrast to the cyanotic patients of group I, but also somewhat different from control patients.
In our study, the control patients reacted to fast atrial pacing with a slight or moderate decrease in myocardial lactate extraction. This change remains statistically significant for the group even when one excludes the patient who showed actual lactate production with atrial pacing. A tendency toward falling lactate extraction during rapid pacing seems to occur in normal adults as well,'0 11, 14 tients undergoing open heart surgery: he was able to demonstrate that myocardial L-production was lower in patients operated for cyanotic heart disease than in those operated for noncyanotic heart defects.
Changes in uptake or release of inorganic phosphate (Pi) in the present study occurred simultaneously with a drop in lactate extraction. These parallel changes are to be expected because ATP breakdown occurs during anaerobic metabolism, with P1 release as one end-product.5 On the other hand, P1 enhances glycolysis through the activation of phosphofructokinase; thus, Pi release, increased glucose utilization, decreased lactate uptake and release of lactate are expected to be observed together.5 In the experimental model, there may be constant relationship between these changes.'6 In addition, the loss of potassium in coronary venous blood was also observed after coronary ligature5 or during progressive ischemia.'6 The reason for the K loss is as yet unknown. No such ion changes were observed in our study, where arteriovenous differences in K were close to zero in all patients and controls, at rest and with pacing. This might be surprising in view of the fixed relation between P1 and K loss in the experimental model observed by Case.15 However, studies in dogs have already shown that this relationship does not hold for all models of ischemia or anoxia,' and phosphate release seems to be a more sensitive index of tissue anoxia than does release of potassium. It is possible that the degree of myocardial oxygen deprivation in our study was not sufficient to result in potassium release. The clinical implications of the present study need further evaluation. One might speculate that patients with reactive infundibular stenosis, with or without hypoxic spells, are at risk from myocardial fibrosis secondary to repeated episodes of inadequate 02 supply to the myocardial cell. Therefore, early operative intervention is required. On the other hand, in group II patients, in whom myocardial adaptation appears to have taken place and episodes of acute hypoxia do not seem to occur, operation would probably be less urgent; but if the operation were proceeded with, there might be less risk of deterioration of postoperative myocardial function.2 Long term postoperative studies will show whether the patients of group II have a better left ventricular function than those of group I.
